Targeting extracellular pyrophosphates underpins the high selectivity of nisin.
The spread of infectious diseases and the increase in antibiotic resistance represent a life-threatening global development that calls for new approaches to control microorganisms. Of all potential targets, the essential and unique pathway of bacterial cell wall synthesis, targeted by the first known antibiotic penicillin, remains a perfect candidate for the development of new antibiotics. Here we show that the lantibiotic nisin exercises its antibacterial action by targeting peptidoglycan intermediates' extracellular pyrophosphate, unique to bacterial cell wall precursors. We show that nisin sequesters cell wall precursors found in the outer leaflet of bacterial plasma membranes, Lipid II and undecaprenyl pyrophosphate, into stable complexes. We propose a model of antibacterial action for nisin in which the terminal amino group of Ile1 targets the pyrophosphate groups of the bacterial cell wall precursors, where it docks via a hydrogen bond. The pyrophosphate moiety, a highly conserved chemical group different from the L-Lys-D-Ala-D-Ala docking motif for vancomycin, has no biochemical analogs with comparable properties and is unlikely to be susceptible to bacterial adaptations akin to those responsible for resistance to penicillins and vancomycin.